The deals with the determination of the possible radiological risks by the help of internationally approved health hazard addressed by field and laboratory gamma measurements performed for surface, adit and core samples from Gabal Abu Dabbab albite granite Ta-Nb-Sn mining area. The studied area is located some 50 km northwestern Marsa Alam city within the central Nubian Shield of Egypt. The field measurements were taken by portable RS-230 γ-ray spectrometer and the laboratory spectrometric analyzes were verified by HPGe detector for the radioactivity measurements of 238 
Introduction
Radiobiological and radioecological hazard problems emanating from the thriving mining activities throughout the world are one of the major topics taken into account by the regulatory body of different states [1] [2] [3] [4] . Potential pathways of human exposure to radiation from mining areas occur in many ways namely external gamma radiation from mines, inhalation of radionuclides containing dust, usage of contaminated drinking water and ingestion of radionuclides through the food chain [5] [6] . Partial uptake and deposition, retention half-times in body, food and other environmental compartments, and decay properties are the parameters in terms of radiology that help to estimate the exposed dose [7] [8] .
In terms of radiation protection, 238 Uand 232 Th decay series and 40 K a non-series radionuclide has a significant role, therefore, their activity concentrations are crucial in the estimation of radiological hazard [9] . Natural and artificial factors can provoke their dispersion from mining sites and they may threaten the surrounding communities by long-acting effects [10] [11] [12] . It is known that some REE ore deposits are rich in U and/or Th because of mineralization processes. Due to that reason, NORM (naturally occurring radioactive material) issue has been integrated into rare earth elements (REEs) related safety requirements to reduce radiation exposure [13] [14] [15] [16] . Re-mineralization of the radioactive elements within shear zones causes a higher level of radioactivity [17] [18] [19] . Moreover, strain-correlated fracturing that happens in the zones may induce differential element mobility, redistribution and size changing of the radioactive minerals.
As an example, in zircon minerals which is the main mineral to examine due to many geoscience disciplines, U-Pb isotopic systems may be damaged by Pb loss, U gain and size reductions/increases of the minerals in shear zones. Following micro-fracturing may occur at the Urich zones due to the alpha-damage [20] [21] .
Radiological hazards due to long-term exposure to the radiation emitting from granites also have been determined by many authors [17, 19, [22] [23] [24] [25] [26] [27] [28] .
Measurements were performed by different techniques of spectroscopic methods including a portable RS-230 spectrometer and Hyper Purity Germanium (HPGe) detector. In this study, not only surface samples, but also underground core samples at different depths were evaluated to show the dissimilarity of their radioactivity levels and potential health hazards. For data analysis and evaluations, summary statistics, statistical depicting groups such as box and whisker diagrams, scatter plots, two sample comparison tests (t-test and Mann-Whitney test) were used. As a result, possible radiation hazards arising from naturally occurring radionuclides in the study area were evaluated by the help of internationally approved health hazard indices [5, 14, [29] [30] [31] [32] [33] . Field radiometric investigation and measurements have been performed at different sites from surface outcrops, adit opening points and across shear zones cut amazonite veins of Abu Dabbab albite granite (Table 1) .
Geologic setting

Materials and Methods
In this study, Abu Dabbab albite granite Ta-Nb-Sn mining area was chosen as a study area to determine its radiological effects. It has attracted many investigators for being most important raremetal mining area in the central Nubian Shield of Egypt [34] [35] [36] [37] [38] [39] . The Gabal Abu Dabbab rare metals-bearing albite granite represents one of the Late Pan-African alkaline plutons of granitic rocks (650-570 Ma) [40] . Marsa Alam area of the central Nubian Shield of Egypt, which is located to the southeast from Abu Dabbab area, embraces many mineral resources such as gold (El-Sukari Gold Mine) and Ta-Nb-Sn (Abu Dabbab Mine). Abu Dabbab albite granite forms low to moderate hills (170-450m) and is characterized by enrichment of tin mineralization and rare-metals profit. It constitutes a unique stock-like intrusion with off-shoots in the form of elephant's trunk to the northwest of the stock (Figure1). The studied stock is flanked by mafic and felsic dykes to the south and east of the studied area. Numerous quartz veins and amazonite veins trend more or less in NE and NW and associated mostly with tantalite, columbite and tin mineralization. As for the structural framework of Abu Dabbab albite granite and its country rocks of ophiolitic mélange, they are bounded by N-S, NW and NNE trending shear zones (Figure1). At the southern end on both ophiolitic mélange and albite granite, the shear zones, quartz and amazonite tension veins are well presented (Figure2C). These shears continue further north and are confined to the contact zones at the marginal parts of the albite granite outcrop. The main components of the shear zone are highly deformed granite sheets tend to be mylonitic fashion (Figure2A).
Ground Spectrometric Survey
Field gamma spectrometric measurements were performed at 21 stations of different sites (Table  1& 5 and Figure3) for surface and adit outcrops as well as across shear zones within amazonite veins in Abu Dabbab albite granite using a RS-230 BGO Super-Spec model portable detector (Figure2A-B) and handheld spectrometer survey meter unit in 95% relative efficiency (Figure2A-B) . This detector has full assay capability for data of K%, eU (ppm) and eTh (ppm). For proper operation, it was manufactured by an independent private company (Radiation Solutions, Inc., 386 W at line Ave, Mississauga, Ontario, Canada, L4Z 1X2). The term 'equivalent' or its abbreviation 'e' is used to indicate that the equilibrium is assumed between the radioactive daughter isotopes monitored by the spectrometer and their respective parent isotope.
Sample Preparation
Surface, adit and subsurface core samples (200-230 m at depth, Tantalum-Egypt Company) were carefully collected from Abu Dabbab albite granite to represent the entire Ta-Nb-Sn mining area (Figure1 [37, 56] ). The samples, approximately 200 g each were neatly packed into a well-labeled polyethylene bag, and transported to the Nuclear and Radiological Regulatory Authority ın Cairo for analysis at the radiation protection laboratory. The samples were oven-dried at a temperature of 100 o C for 72 hours. Thesieved (200 mesh), then dried samples were pulverized and 185±10 g of the homogenized samples were carefully packed into labeled Marinelli beakers and properly sealed to prevent the escape of radon. The sealed samples were stored for about five weeks to attain radiological (secular) equilibrium where the decay rates of the daughter nuclides and their respective parents become equal [22, [41] [42] [43] .
Petrographic inspection
The microscopic studies allow investigating the petrographic and mineralogical characteristics of the main rock types of albite granite (Figure4A-D) . In spite of its small size, a variation in the textural relationship, an abundance of accessory minerals and degree of deformation is evident at Gabal Abu Dabbab albite granites. Granularityof the rock is generally ineqigranular, fine to medium-grained found invariety of colors including grayish white to vivid white. Cataclasis occurs due to in the order of locally well-developed intense brecciation, deformation and silicification these particularly with their shear zones within albite granite and ophiolitic mélange. Based on these features, the granite of Gabal Abu Dabbab can be broadly grouped into massive albite granite and deformed albite granite (Cataclasites).
Massive albite granite consists of albite, quartz and microcline. Accessory and opaque minerals are found in relatively abundant quantities and form about about 5 to 10 rock modal composition. Plagioclase feldspar mineral of albite composition (An 5 -An 10 ) is the dominant mineral with an average of 45% (in few samples it decreases to 30%). The albite laths exhibit interpenetrating and interlocking (snowball texture, Figure4A).
Deformed albite granite is mineralogically similar to the massive albite granite, but it is characterized by high deformation, silicification and less abundant accessory minerals. Granules of the rock is ineqigranular, fine to medium-grained, with porphyroclastic texture (Figure4B). Zircon, sphene, apatite and tantalite-columbite are the main accassories (Figure4C-D) for both two rock types.
Gamma-ray spectroscopy Activity measurements
Activity measurements were performed by a gamma-ray spectrometer at the Egyptian Nuclear and Radiological Regulatory Authority, Radiation Protection Laboratory using a vertical HPGe detector of 40 % relative efficiency and full width at half maximum (FWHM) of 2.0 keV for 60 Co gamma energy line at 1332 keV. The detector was operated with Canberra Genie 2000 software for gamma acquisition and analysis. The HPGe detector was contained 4 inches thick low background lead shield for germanium detectors in freestanding lead providing a low background environment to shield the detector from lead fluorescent X-rays and bremsstrahlung, the lead is lined with 1 mm tin and 1.6 mm copper layer. The specific activity calculations of 226 Ra and 232 Th were obtained indirectly from the gamma rays emitted by their progenies which are in secular equilibrium with them. (Figure 10 and Table  4 ).
Radiological hazard assessment Radium equivalent activity
The radium equivalent activity, Ra eq , which is the most widely used radiation hazard index, is a weighted sum of activities of the above three radionuclides based on the assumption that 1 Bq/kg of 226 Ra, 0.7 Bq/kg of 232 Th or 13 Bq/kg of 40 K produces the same γ-ray dose rate and that Ra eq should not exceed a maximum of 370 Bq/kg [29] [30] , (Table 3) . Ra eq is given by the following equation [48] : Ra eq = C(Ra) + 1.43 × C(Th) + 0.077 × C(K), (1) Where C(Ra), C(Th) and C(K) are the specific activity of 226 Ra, 232 Th and 40 K, respectively, in Bq/kg. Statistical analyses are given in ( Figure 13 and Table 7 ). 
External and internal hazard indices
Another criterion, known as the external hazard index, has been defined in previous studies [29, 48] as:
This index is used to estimate the level of γ-radiation hazard associated with the external gamma radiation originating from natural radionuclides in the studied samples ( Table 3 ). The internal exposure to radon and its daughter products is quantified by the internal hazard index (H in ) which is given by the equation [48]:
If the maximum concentration of radium is half that of the normal acceptable limit, then H ex and H in will be less than 1.0 [48] . For the safe use of a material in the construction of dwellings, H in should be less than the unity. Statistical analyses were given in (Figures 7 & 14a-b and Table 8 ).
Absorbed gamma dose rate
The gamma dose rate in the air is measured at one meter above the ground level and the conversion factors used to calculate the absorbed dose rate are given by equation [47] :
The terms C(Th), C(Ra) and C(K) are the average specific activity of 232 Th, 226 Ra and 40 K in Bq/kg respectively, and D is the absorbed gamma dose rate in nGy/h. Statistical analyses were given in ( Figure 15 and Table 9 ). Additionally, absorbed gamma dose contributors were given in (Figure  19a-c) .
Annual effective dose rate
To estimate the annual effective dose rates, the conversion coefficient from the absorbed dose in the air to the effective dose (0.7 Sv.Gy −1 ) and outdoor occupancy factor (0.2) proposed by [5] are used (Table 3) . Therefore, the annual effective dose rate (mSv.yr −1 ) was calculated by the following formula [5] The world average annual effective dose equivalent (AEDE) from outdoor or indoor terrestrial gamma radiation is 0.48 mSv/year [5] . Statistical analyses were given in (Figures 8 &  16a-b and Table 10 ).
Representative gamma index (Iγ)
The representative level index, Iγ, is used to evaluate the level of γ-radiation hazard associated with the natural radionuclides in specific investigated samples, as defined by the following equation [29] :
This gamma index is also used to correlate the annual dose rate due to the excess external gamma radiation caused by superficial materials (Table 3) . It is a screening tool for identifying materials that might become of a health concern when used for construction [49] . Values of I γ ≤ 1 corresponds to an annual effective dose of less than or equal to 1mSv, while I γ ≤ 0.5 corresponds to annual effective dose less or equal to 0.3mSv [50] . Statistical analyses were given in (Figures 7 &  17a-b and Table 11 ).
Outdoor excess lifetime cancer risk (ELCR OUT )
The ELCR OUT value demonstrates the number of extra cancers expected in a given number of people upon exposure to a carcinogen at a given dose (Table 3) . Excess lifetime cancer risk (ELCR) is given by the following formula [32] :
Where AEDR is the annual equivalent dose rate, DL is average duration of life (estimated to be 70 years), and RF is the risk factor (S/v), i.e. fatal cancer risk per Sievert. For stochastic effects, ICRP uses RF as 0.05 for the public [32, 54] . Statistical analyses were given in (Figures 9 &18a-b and Table 12 ).
Statistical analyses
Statistical analyses were performed by STATGRAPHICS Centurion XVI and R statistical programs. Depicting groups such as box and whisker diagrams and scatter plots were used to make the outliers and variations noticeable (Figures 11-18 ). For two sample comparisons t-test and Mann-Whitney W-tests were used for the surface samples (Tables 13 and 14 ). Tukey's summary statistical analysis [52] was useful in the interpretation of the data.
Discussion
The results of elemental concentration measurements and potential risk hazard indices calculations were analyzed by Tukey's summary statistics (Exploratory data analysis) [52] and depicted by Box and Whisker plots and scatter plots. During the field measurements, the authors found that the highest radioactivity levels were up to 20 ppm for eU and 42 ppm for eTh and 5.6 % for K, these value could be attributed to sheared granite nearby adit exposures (P1-P6), whereas low radioactivity levels (P7-P21) were due to massive albite granite near amazonite veins (Figure3 and  Table 1 ) . For data comparisons, the averages do not give always a meaningful result due to the heterogeneities. As an example, this heterogeneity was especially visible at the Box and Whisker plot of adit samples where the distinction between mean and median is noteworthy. At a Box and Whisker plot, the range value indicates the extent of variation in data. In the spectrometric measurements, the C Th range values of the adit samples (Figure12e) and the C K range values of the surface samples (Figure12g) show the highest variations in distribution probably due to magmatic fractionation. Additionally, in the field measurements, the highest variations were detected for eTh (ppm) values (Figure11a). The outliers that were depicted in Box and Whisker plots and given in the following tables may need analysis repetitions. Two-sample comparison tests were used to calculate and determine whether there are statistical differences between the two groups. To understand the correlations between H ex and H in indices values of the surface samples at the 95% confidence level, the t-test was used (Table 13 ). The computed Pvalue was less than 0.05 so for the surface samples the null hypothesis could be rejected and the difference proved between the groups in terms of their mean values for median comparisons MannWhitney W-test were used (Table14). The computed P-value was less than 0.05 for the surface samples so there was a significant difference between the medians at the 95% confidence level for the surface samples. As a result of the tests, for H ex , H in indices of the surface samples in terms of mean and median comparisons there was a significant difference. Due to sample number, adit and core samples were not suitable for the comparison tests. The specific gamma-activity levels of the natural radionuclides in the studied albite granite samples were measured (Figure5 and Table 2 Radiological hazards in environmental substances are estimated through various hazard parameters. Some available world averages and some limits were given in (Table 4 and Figure 10) While the gamma activity concentration index values of the surface, adit and core samples were 0.911, 1.14 and 1.12 in average respectively and the gamma dose contribution of the adit and core samples were exceeding in average the dose criterion 1 mSv/y, the median values of the samples were less than the unit (<1), (Figs. 7, 14 and Table 3 , 11) [47, 51] .
The absorbed dose rates in the air at 1 m level for the radionuclides can be calculated by equation 4; the contributions of the radionuclides are revealed in Figure 19a -c. According to the figure, for the adit and surface samples, the most important contribution was resulting from Ra-226 activity, but for the core samples the contribution was resulting from K-40. In the present study, the absorbed gamma dose mean values of the surface samples were 58.9 nGy/h and 73.6 nGy/h for the adit samples (Figure8 and Table 3 ). The adit samples tend to be slightly higher than 60 nGy/h. However, the median values of absorbed gamma dose were 60.95 nGy/h for the surface samples and 46.43 nGy/h for the adit samples (Figure15  and Table 7 ). Although average adit samples seem to be higher than the world average because of the maximum values, it is clear that most of the radioactivity levels of the surface samples were not higher than the world average as revealed though comparisons.
The mean AEDR out values of the studied surface, adit and core samples were 0.07, 0.09,0.95 mSv/y respectively and median values were 0.075, 0.06 mSv/y for the surface and adit samples. On the other hand, the mean values of AEDR in for the surface, adit and core samples were 0.29, 0.36 and 0.37 mSv/y respectively and median values were 0.3 and 0.23 mSv/y for the surface and adit samples. Both the AEDR out and the AEDR in were less than the world mean value (1 mSv/y), [42] (Figs. 8, 16 and Table 3 ( Table 4 and Figure10) . Nuweibi albite granite area [45] , which is closely near to the current study area, its average specific activities of 238 U, 232 Th and 40 K were higher than those found in Abu Dabbab albite granite.
Anomaly values of the risk parameters were observed at a very limited site along adit mining, nearby shear zones along and across outcrops. In general, the radiation hazard assessment showed that the radiological risk indices values in Abu Dabbab albite granite mining area were less than the permissible limits, especially for the surface samples. 
Conclusions
From the radiological risk point of view, the study was carried out on surface, adit and core samples of the Abu Dabbab albite granite mining area from the central Nubian Shield of Egypt to determine the radioactivity dose distributions and their potential health effects to estimate human exposure. Faults and shear zones play an important role as they act as pathways or channels for the ascending hydrothermal solutions. Due to the mobilization of radionuclides by the help of the hydrothermal solutions, vein-type outcrops were performed and gamma-radioactivity levels along the fractures usually were higher than the background level of the massive albite granite. Stress-correlated deformations at the shear zones were probably responsible for the higher level of outdoor gamma dose level. The zones should be detected in terms of radon because they have the potential for creating anomalously high amounts of radon. After statistical analyses and data mining, it is clear that local heterogeneities of the radionuclide distribution were obvious. Alteration rate differences, magma processes, remineralization after mobilization of the radionuclides represent some reasons for this distribution. Due to the heterogeneities, the median values were more advantageous than the mean values. Almost the median values of the studied area were lower than the permissible level of unity (1.0) for AEDR (indoor and outdoor), H in and H ex . Accordingly, the Abu Dabbab albite granites mining area is safe and there is no radiological risk in terms of human health. 
